OBJECTIVE: To test the hypotheses that the accumulation of 30 min of moderate intensity, intermittent exercise, 5 daweek 71 , for 32 weeks, will increase aerobic capacity, alter body composition and improve blood lipids, insulin and glucose. Secondly, to identify individuals who may respond to moderate intensity, intermittent exercise. SUBJECTS: Thirteen sedentary, moderately obese females, aged 43 AE 11 (y), body mass index (BMI) 32.7 AE 7.7 (kgaM 2 ), body fat 40.6 AE 8.8 (%), VO 2 max 24.0 AE 4.6 (mlakg 71 amin 71 ). MEASUREMENTS: Aerobic capacity, body composition, blood lipids, fasting insulin and glucose, energy intake. RESULTS: Group data showed no signi®cant changes for aerobic capacity, body composition, blood lipids, insulin or glucose. However, 7 of the 13 subjects increased aerobic capacity, lost fat weight and improved insulin. Adherence to the exercise regimen was excellent with 82.6 AE 10.0% of the prescribed exercise completed. CONCLUSIONS: Moderate intensity, intermittent exercise for a total of 30 min, 5 daweek, 71 for 32 weeks duration, was not a suf®cient stimulus to signi®cantly increase aerobic capacity, alter weight, body composition or improve blood lipids, insulin or glucose for the entire group. However, those subjects who increased aerobic capacity and decreased fat weight were signi®cantly older, had lower maximal aerobic capacity and greater body fat at baseline compared to the six subjects who did not increase aerobic capacity and decrease fat weight. For both groups, moderate intensity, intermittent exercise showed excellent adherence and this may be a useful model for future research studies.
Introduction
Obesity is associated with a variety of health risks including elevated levels of blood lipids, insulin and glucose. 1±3 Exercise has been shown to reduce fasting levels of blood lipids, insulin and glucose when exercise is either vigorous 4 or moderate 5 if sustained for long periods of time. In obese females engaging in aerobic exercise, Despre Âs et al, 6 have shown the changes in lipids, insulin and glucose to be related to changes in fat mass rather than changes in maximal oxygen consumption. These subjects exercised for 90 min, 5 daweek
71
, for 14 months. It is unlikely the general population will adhere to this regimen. In fact, over 60% of American adults are not regularly physically active. 7 Therefore, the challenge, from the public health perspective, is to ®nd the minimal dose of exercise, which will reduce blood lipids, insulin and glucose, since adherence to traditional exercise programs is notoriously poor. 8 The recent joint statement issued by the Centers for Disease Control (CDC) and the American College of Sports Medicine (ACSM), 9 suggests that exercise may not have to be vigorous or continuous to confer bene®ts on the participant. Thirty minutes of moderate intensity exercise, which may be accumulated throughout the day, is recommended for adults. This recommendation is appealing since adherence may be increased with light and moderate intensity activities 10 and the ability to accumulate exercise intermittently may provide¯exibility for those individuals who cite lack of time as the reason for discontinuing exercise. 11 Jakicic et al, 12 recently found adherence was increased in a group of obese females who exercised intermittently compared with those who exercised continuously.
We know of only three studies which have used intermittent exercise to improve health risk and no studies have reported results for body composition, insulin or glucose. 12±14 DeBusk et al 13 used three, 10 min sessions of exercise in adult males and found an increase in maximal oxygen consumption after 8 weeks of moderate jogging. Likewise, Ebisu 14 found increases in maximal oxygen consumption in males when exercise was continuous or split into two or three exercise sessions. Furthermore, the group that exercised three times per day showed signi®cant increases in HDL cholesterol. Exercise was completed 3 daweek 71 at 80% of the individual's maximum heart rate and the distance progressively increased from 2 milesad 71 to 6 milesad
. Unfortunately, this vigorous protocol is not likely to gain acceptance in the general population.
Jakicic et al 12 found increased adherence to an intermittent, compared to a continuous, walking program with obese females. The subjects in the intermittent walking group, reported exercising more frequently and for a longer total duration, compared to subjects in the continuous walking group. The intermittent walking group lost more weight than the continuous walking group. However, body composition and blood lipids, insulin and glucose (lipids, insulin and glucose) were not measured.
The minimum amount of intermittent exercise necessary to achieve measurable changes for aerobic capacity, body composition, blood lipids, insulin, and glucose are unknown. Likewise, it is unknown which subjects are likely to respond to moderate intensity, intermittent exercise. Bouchard 15 has shown the response to exercise to be quite variable between individuals. For example, in response to a 20 week endurance training program, male subjects showed increases in aerobic capacity from 16±97% of the baseline values. Likewise, in several exercise training studies which measured blood lipids, insulin and glucose, the response to the training showed a ®ve-fold range between the extremes. 16Y17 The primary purpose of this study was to test the assumption that moderate intensity, intermittent exercise will be suf®cient to increase maximal aerobic capacity, alter body composition, improve blood lipids, insulin and glucose. The second purpose was to identify responders and non-responders to this type of exercise since we believed it was not likely that all subjects would show changes in response to moderate intensity, intermittent exercise.
Methods

Subjects
In order to determine whether exercise consistent with the CDCaACSM guidelines would improve aerobic capacity, body composition, blood lipids, insulin and glucose, all subjects were assigned to a regime of intermittent exercise. Fifteen moderately obese females were recruited through advertisements for a weight loss and ®tness program. Since moderate intensity, intermittent exercise is most likely to bene®t un®t individuals, inclusion criteria for the program required subjects to be at or below the`fair' category for ®tness, as de®ned by the American Heart Association. 18 This corresponds to a maximal oxygen consumption between 15 and 30 mlakg 71 amin 71 adjusted for age and gender. Exclusion criteria included pregnancy, medications (which could affect physical performance or metabolism), energy restricted diets, weight change of 5 kg in the past 3 months, current exercise programs or subjects who were unable to perform the necessary testing procedures. All subjects signed an informed consent, prior to participation. The protocol was approved by the Institutional Review Board of the University of Nebraska-Kearney. Descriptive characteristics of the subjects are shown in Table 1 .
Exercise protocol
Subjects were instructed to exercise for 10 min, 3 times per day, 5 daweek 71 , for 32 weeks. The general instruction for exercise was for the participant to walk briskly, yet comfortably, for the 10 min duration. Subjects walked on an indoor andaor outdoor course that was pre-measured by the investigator at the subjects' worksite. Each course was measured using a Rolatape measuring wheel (Model 415, Santa Monica, CA, USA). In order to provide some guidelines for moderate intensity, each subject was given a target heart rate range which corresponded to 50±65% of the heart rate reserve (HRR) determined by a baseline maximal exercise tolerance treadmill test. The heart rate reserve was calculated using the equation of Karvonen et al. 19 Subjects were instructed how to take their heart rates by palpation at the carotid artery.
Subjects were required to keep daily personal records of the date, time of day, duration of time walked, heart rate and distance walked. Energy expenditure for each exercise session was estimated by the ACSM equation 20 for energy expenditure using the time and distance walked per session (Table 2) . To assure compliance with the protocol, three exercise sessions per week were scheduled for supervision by the research staff on a blind, random schedule. During supervision, personal records were inspected and the research staff walked with the subject and veri®ed the distance. The subject was required to obtain a heart rate by palpitation and this was subsequently veri®ed by the staff.
Laboratory testing
Body composition. Body composition was estimated by hydrostatic weighing at residual volume. A minimum of ten trials were performed for hydrostatic weighing and the average of the last 3 trials was used for subsequent calculations. 21 Body density was calculated with the equation of Goldman and Buskirk 22 and percentage of body fat was calculated with the equation of Brozek et al. 23 Abdominal obesity was estimated with the waist-to-hip ratio (WHR). Duplicate measures were obtained using the smallest girth for the waist and the widest girth for the hip. 24 Aerobic capacity. The subjects performed a maximal exercise tolerance test to determine their peak oxygen consumption. A modi®ed Balke treadmill protocol 18 was used and expired gases were continuously measured by a SensorMedics Horizon Metabolic Cart (MMC) to estimate oxygen consumption (Yorba Linda, CA, USA). Values for expired air volume, oxygen and carbon dioxide were calculated at 30 s intervals. Peak oxygen consumption was estimated from the highest observed value calculated from a 30 s interval. Heart rate was measured by a 5 lead electrocardiogram. The exercise tolerance test was considered to be a maximal test if oxygen consumption plateaued 25 and the subject completed three of the four additional criteria: 1) maximum heart rate within 20 bpm of the age predicted heart rate calculated as 220-age, 20 2) a rating of perceived exertion (RPE) greater than 18 on the Borg scale, 26 3) respiratory exchange ratio (RER) greater than 1.0 27 and 4) volitional exhaustion determined by the subject. 27 Blood lipids, insulin and glucose. Fasting blood lipids, insulin, and glucose were measured after a 12 h abstention from energy intake and exercise. Approximately 15 ml of blood was obtained from the right antecubital vein. Three 5 ml sample tubes were drawn from each subject and centrifuged for approximately 5 min. Serum was separated and frozen. The samples were analyzed at the University of Nebraska Medical Center Pathology Laboratory, which is standardized by the CDC. Glucose was measured using a Beckman Autoanalyzer and insulin was measured using a double-labeled antibody technique. 28 Cholesterol, triglycerides, HDL-cholesterol (HDL-C) and LDL-cholesterol (LDL-C) were measured using a standard enzymatic method. 29, 30 HDL-C concentration measurements were based on separation of lipoprotein by a polyanion reagent, followed by enzymatic cholesterol analysis. 31 Energy intake. This study was designed to investigate the effects of moderate intensity exercise alone without energy restriction. The subjects were instructed not to alter their usual diet and not to restrict energy. Energy intake was estimated at baseline and 32 weeks by 3 d food records and at 11 weeks and 22 weeks by 24 h recalls. 32 Three day food records and 24 h recalls were used to alert the inves- tigators to subjects who altered their diet or were restricting energy. Food models were shown to the subjects as examples of portion sizes and weights of food prior to record keeping or recall. Likewise, instructions regarding brand names, methods of food preparation and ingredients of menus, were presented and discussed. All food records and recalls were collected by the same investigator and analyses of energy and macronutrients were completed using the Nutritionist IV computer program (ESHA Research, Salem, OR, USA).
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Responders and non-responders
Our subjects were individuals who answered an advertisement for an exercise and weight loss program. Although we expected changes in aerobic capacity and body composition, we did not anticipate that all subjects would respond in the same fashion to a similar exercise stimulus. 15 Furthermore, we did not anticipate the changes would be large. For example, Jakicic et al, 12 reported a 5.6% increase in predicted oxygen consumption in response to 20 weeks of moderate intensity, intermittent exercise in moderately obese females. Ballor and Keesey 34 used metaanalysis to examine changes in body composition from exercise with females and found only a 1.3 AE 0.2 kg loss of body fat after about 12 weeks. Since changes in response to moderate intensity exercise appear to be small, we de®ned responders as those subjects who showed any increase in aerobic capacity and decrease in fat weight.
Statistical analysis
Data were ®rst analyzed for the entire group and subsequently for responders and non-responders. Means and s.d. were calculated for each dependent variable including aerobic capacity, body composition, blood lipids, insulin, glucose and energy intake. Dependent t tests were used to ®nd differences between pre and post-testing mean values. Independent t tests were used to ®nd differences between variables for responders and non-responders. Correlations were calculated to explore potential relationships between changes in oxygen consumption, body fat, blood lipids, insulin and glucose. Repeated measures analysis of variance (ANOVA) and Duncan post hoc tests were used to ®nd differences between testing periods for energy intake. Data analyses were completed using PC-SAS (Cary, NC, USA).
Results
All subjects
Fifteen subjects started the project and 13 subjects successfully completed 32 weeks of exercise. One subject terminated exercise at 13 weeks, citing insuf®cient time and one subject completed the study but refused to complete post-testing, leaving results for 13 subjects. There were 150 scheduled exercise days, since 10 d during the 32 weeks were excluded for holidays. Thus, the total scheduled exercise sessions for 13 subjects was 5850. Two hundred and twentyone exercise sessions were completed in 15 min bouts due to occasional problems with work schedules. One thousand and nineteen scheduled exercise sessions were not completed due to absence of the subject. Thus, a total of 4610 exercise sessions were completed. Randomly scheduled supervision was completed for 759 of the 4610 exercise sessions (16.5%).
Exercise adherence was calculated by the number of minutes walked compared to the minutes prescribed from the protocol. The subjects averaged a total of 3717 AE 448 min compared to 4500 min, which were prescribed by the protocol. Thus, the adherence rate was 82.6 AE 10.0% of the prescribed exercise. These results are shown in Table 2 . Adherence data is corroborated by a signi®cant correlation between changes in aerobic capacity and adherence to the protocol (r 0.64, P`0.05, Figure 1 ) indicating those with greater adherence showed more improvements in aerobic capacity.
Subjects were instructed to walk at approximately 50±65% HRR. Data provided from the subject records indicated the average exercise heart rate was 129 AE 10 bpm which corresponded to 52.1 AE 9.3% HRR. The subjects averaged 357.1 AE 67.4 km and expended approximately 81843 AE 21015 kJ estimated by the ACSM equations (Table 2) .
There were no signi®cant changes in body weight or in body composition after 32 weeks of exercise with the exception of fat-free mass (Table 1) . Fat-free mass decreased 0.7 AE 1.1 kg, but this change is within the measurement error asociated with hydrostatic weighing and has little clinical importance. Waist and hip circumferences did not show signi®cant change nor did the WHR. Energy intake and macronutrient composition did not show signi®cant changes throughout the study. Results for aerobic capacity are shown in Table 1 . Treadmill time to exhaustion increased by 2.7 AE 2.4 min (P`0.05), and maximal heart rate at exhaustion decreased 3.3 AE 5.0 bpm (P`0.05). Resting heart rates decreased by 4.6 AE 12.3 bpm not statistically signi®cant (NS). Although peak oxygen consumption did not increase signi®cantly from baseline to 32 weeks, the improvement in treadmill time and decrease in heart rates indicates adherence to the protocol and improvements in general health.
There were no signi®cant changes in blood lipids, insulin, and glucose after 32 weeks of moderate intensity, intermittent exercise (Table 1) . Insulin decreased by 18% and glucose increased by 3%, which represented a 19% decrease in insulinaglucose (NS). Baseline values for insulin, glucose and insulinaglucose were inversely correlated with their changes at 32 weeks with r 70.58, P`0.58, r 70.72, P`0.05; and r 70.68, P`0.05, respectively (Figures 2a, 2b and 2c ).
There were no signi®cant relationships found between changes in aerobic capacity or energy expenditure with changes in lipids, insulin or glucose. However, there was a signi®cant correlation between baseline aerobic capacity and changes in insulin (r 0.88, P`0.05) (Figure 3 ), indicating that those subjects with the lowest initial aerobic capacity, showed the greatest decrease in insulin values.
Responders and non-responders
A second purpose of this study was to examine responders and non-responders to moderate intensity, intermittent exercise. Descriptive characteristics of responders and non-responders are shown in Table  3 . Seven subjects showed both increases in peak oxygen consumption and decreases in fat weight and were identi®ed as responders. Signi®cant increases in peak oxygen consumption averaged 9% above baseline and the average decrease in fat weight was 0.7 AE 0.1 kg. Changes from baseline for non-responders showed an average decrease in peak oxygen consumption of 5% (NS) and a signi®cant increase in the average fat weight of 2.1 AE 0.8 kg. Comparisons between responders and non-responders for oxygen consumption and fat weight showed signi®cant differences (P`0.05) (Figure 4 and Figure 5 ). Neither responders nor non-responders showed signi®cant change for waist or hip circumferences or for WHR. There was no signi®cant difference between responders and non-responders for adherence, energy expenditure or distance walked.
Neither responders nor non-responders showed signi®cant changes for fasting glucose or blood lipids and there were no signi®cant differences between groups. At 32 weeks, fasting insulin showed a signi®cant 42% decrease from baseline for responders. Conversely, a 20% increase (NS) for insulin was shown for non-responders. Comparisons at 32 weeks for insulin between responders and non-responders showed a 26.5% difference with responders at 11.1 AE 4.9 mcuaml 71 and non-responders at 15.2 AE 11.5 mcuaml 71 (P`0.05) (Figure 6a ). Signi®cant improvements in insulinaglucose were shown for responders. The baseline ratio was 
Discussion
We initiated this study to evaluate the effectiveness of moderate intensity, intermittent exercise to improve aerobic capacity, body composition, blood lipids, insulin and glucose. Speci®cally, we wanted to test the new recommendations from the CDC and the ACSM, which suggest adults should accumulate 30 min of exercise on most, if not all days of the week. 9 We hypothesized that subjects who used moderate intensity, intermittent exercise would show increases in aerobic capacity, decreases in body weight and body fat, and would improve blood lipids, insulin and glucose. We used an out-patient model where subjects were randomly monitored in order to verify compliance. Three, 10 min exercise sessions, spread throughout the day, were used for the exercise protocol. We used long-term exercise (32 weeks) since it has been suggested that moderate intensity exercise may have the same effects as more vigorous exercise, but may take a longer period of time for the effects to manifest. 35 It is unfortunate that the traditional exercise prescription has not been more widely adopted by the public since there is ample evidence that it is effective for improvement of oxygen consumption, body composition, blood lipids, insulin and glucose. 13 ,36±38 This unwillingness to exercise at the previously prescribed levels, makes alternative exercise prescriptions attractive. However, the new CDCaACSM recommendations are largely untested. Since it is likely that the new recommendations will receive widespread attention, it is important to know the population of subjects for whom bene®ts may be expected. For example, will the accumulation of 30 min of moderate intensity, intermittent exercise improve aerobic capacity and body composition in similar fashion for individuals with greater, compared to lesser, aerobic capacities or greater, compared to lesser, body fat?
The results of this study suggest that those most likely to increase aerobic capacity and decrease fat weight as a result of 32 weeks of moderate intensity, intermittent exercise are those who are quite un®t and fat. At baseline, the responders in this study were signi®cantly older (P`0.05), had a peak oxygen consumption which was 20% lower (P`0.05) than non-responders and a percent body fat which was 15% greater than non-responders. Thus, it was the most un®t and fat who responded to 32 weeks of moderate intensity, intermittent exercise.
The difference for changes in weight and fat weight between responders and non-responders was not explained by adherence to the protocol or by estimated energy expenditure of walking. Adherence calculated as time walkedatime prescribed was 84.2 AE 8.5% for responders and 80.7 AE 11.9% for non-responders (NS). Likewise there was no signi®-cant difference for accumulated distance walked in kilometers (361 AE 78 vs 352 AE 60) or accumulated total energy expenditure by ACSM equation (81 570 AE 17 022 kJ vs 82 162 AE 26 682 kJ) for responders and non-responders, respectively (Table 2) .
There was no difference between heart rates (percentage HRR) recorded by the subjects at exercise sessions (Table 2) . This seems to suggest that the minimum threshold for improvements in weight and fat weight were not achieved by the non-responders, even though their initial ®tness levels were poor. Therefore, these results seem to support the observa- tion of Bouchard, 15 that individuals will respond differently to similar doses of exercise.
The difference between responders and non-responders for weight loss and body composition, is not explained by reported changes in energy intake or macronutrient composition. As shown in Table 4 there were no signi®cant differences between the groups for energy intake. However, changes may have occurred that were not reported. It is well known that underreporting of energy intake is common with obese subjects. 39 The calculated energy expenditure of exercise corresponded to the energy of 2.5 kg fat weight, which is more than the 1.4 kg weight loss shown by the responders. The non-responders gained a small amount of weight (1.3 kg). It is therefore possible to suggest, that the responders and non-responders showed compensation for energy expenditure, by increasing energy intake. Increases in energy intake and weight gain in response to exercise has been shown by others. 34, 40 The weight gain by the non-responders may suggest a greater compensation and under-reporting. Although reported values for energy and macronutrients were not statistically different between groups, the nonresponders showed outcomes consistent with increases in energy intake. The increases in weight, percentage of body fat, BMI and WHR shown by the non-responders would suggest positive energy balance. Likewise, increases in weight may explain the observed increases in insulin and insulinaglucose.
Like Despre Âs et al, 6 we found no correlation between changes in aerobic capacity and changes in blood lipids, insulin and glucose. However, we also found no correlation with changes in fat weight and changes in blood lipids, insulin and glucose. This contrasts with Despre Âs et al 6 since signi®cant correlations were found between reduction in fat mass and reductions in blood lipids, insulin and glucose. This may be due to differences in the subjects and exercise protocols. Subjects in the study of Despre Âs et al, 6 exercised for a minimum of 360 minaweek 71 for 56 weeks and lost an average of 4.6 kg fat weight. Our subjects exercised for 150 minaweek 71 for 32 weeks and lost only 0.7 kg fat weight. This would be a difference of approx 60% for exercise and approx 85% for fat weight between the study of Despre Âs et al 6 and the current study. It is possible that the small change in fat weight, precluded a signi®cant correlation with changes in blood lipids, insulin and glucose in the current study.
It is interesting to compare the amount of exercise necessary to change insulin 1 mcuaml 71 . The subjects of Despre Âs et al. 6 decreased insulin an average of 2.8 mcuaml 71 and completed approximately 20 160 min of exercise for a ratio of 7500 : 1. That is, for each 7500 min exercise, insulin decreased by 1 mcuaml
71
. Conversely, in the present study, responders exercised an average of 3791 min and insulin decreased an average of 8.0 mcuaml 71 for a ratio of 474 : 1. This suggests that small doses of exercise are able to produce declines in insulin and that there may be diminishing returns as the amount of exercise increases. Since it is unlikely that large segments of the population are willing to exercise 90 min, 4± 5 daweek 71 as used by Despre Âes et al, 6 it is encouraging to ®nd that small doses of exercise seem to have similar effects as larger doses for some individuals.
The high rate of adherence for both responders and non-responders is noteworthy. We have provided evidence for adherence from exercise supervision and changes in various physiological variables, including decreased resting heart rate and increase in treadmill time to exhaustion (Table 2) . Studies reporting adherence to traditional exercise prescriptions, generally do not exceed 60% at 24 weeks. 8 In the current study, moderate intensity, intermittent exercise had an adherence rate above 80% for 32 weeks. Similar results for adherence have been reported by Jakicic et al 12 during a 20 week program of intermittent walking with moderately obese females.
We can speculate on the reasons why moderate intensity, intermittent exercise may improve adherence. Adults cite the lack of time as the number one reason to avoid or terminate an exercise program. 11 Using intermittent sessions of exercise, it may be possible to schedule exercise during the working day without having to identify a continuous 30 min time block as would be traditionally prescribed. Individuals may exercise before or after work, during the course of work or during work breaks. Moderate intensity, intermittent exercise does not require excessive equip- ment and does not generally require locker and shower facilities. Thus, for most individuals, a 10 min walk does not require a change of clothes and a shower.
Moderate intensity, intermittent exercise offers a pleasant break from work, without posing undue effort. Individuals who are un®t, may not be willing or able to exercise either vigorously or for a continuous time period, without negative perceptions about exercise, which may result from fatigue, sweating, etc. Finally, moderate intensity, intermittent exercise is a manageable unit which can be achieved by almost anyone and represents a successful endeavor or accomplishment. Thus, it maybe self reinforcing which has been shown to increase exercise adherence. 41 Since adherence to exercise is generally poor, moderate intensity, intermittent exercise is an intervention model that warrants further research.
Although we found no signi®cant response to moderate intensity, intermittent exercise for six of the 13 subjects, this does not imply there are no bene®ts to these subjects. It is possible that small changes occurred which did not reach statistical signi®cance. It is also possible that changes for some subjects take a longer time than for others. This has been suggested in a review of exercise and weight loss by Bouchard 15 and in a study of long-term exercise and lipids by King et al. 42 In summary, we found no signi®cant improvement in aerobic capacity, body composition, blood lipids, insulin and glucose, when the data were analyzed as a group. However, we identi®ed responders and nonresponders to moderate intensity, intermittent exercise. Responders were older, had less aerobic capacity and a greater percentage of body fat at baseline, than non-responders. Responders improved aerobic capacity, lost fat weight and decreased fasting insulin and insulinaglucose. Thus, moderate intensity, intermittent exercise of 32 weeks duration had the greatest effects for the least ®t and most obese subjects. An important ®nding of the study was the willingness of the subjects to comply with the protocol and this may have a signi®cant impact on the development of strategies to improve exercise adherence in otherwise sedentary individuals.
